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Polyploidy has played a significant role in the evolutionary 
history of plants and is a valuable tool for obtaining useful 
characteristics. Because of the novelty of polyploids, 
comparison of their in vitro culture response with diploids 
would be notable. In this study, leaf explants from diploid, 
autotetraploid and mixoploid plants of Cichorium intybus 
L. were cultured in vitro on the similar media and under 
same conditions. The ploidy level of the obtained calluses 
and regenerants were determined by flow cytometry analysis. 
The callogenic response of leaf explants cultured on the 
callus induction medium did not depend on the ploidy level 
of their parental plants. According to the flow cytometry 
analysis, the increased ploidy levels (4x) and (8x) were 
observed in the callus cultures with diploid and tetraploid 
origin, respectively. A considerable difference was observed 
between the ploidy level of mixoploid plants and their 
calluses, indicating the dominance of diploid cells in the 
callus tissue. The results showed that polyploidy led to 
the loss of organogenic potential as the tetraploid origin 
calluses failed to regenerate, while the diploid origin calluses 
successfully regenerated to whole plants.
Keywords: Cichorium intybus, polyploidy, callus culture, 
organogenesis, flow cytometry.
Introduction. Polyploidy has played a major role in 
the evolution of many flowering plants and had a 
considerable impact on plant species diversity [1]. 
Recent estimates suggest that 70 % of angiosperms 
have experienced one or more episodes of poly-
ploidization [2]. Studies have demonstrated that 
polyploidy can result in a whole spectrum of ge-
netic, molecular and physiological modifications [3] 
and is accompanied by a wide range of effects on 
plants, including significant enlargement of fruits 
and flowers, longer lasting time for flowers, overco-
ming barriers for hybridization, no seed or fewer se-
eds, enhancing pest resistance and stress tolerance [4]. 
Because of their significant role, polyploid spe-
cies have been the subjects of many studies in-
cluding in vitro cultures. Plant in vitro systems are 
valuable sources for the production of biological 
active substances and have promising applications 
in fundamental investigations of the molecular biol-
ogy and biochemistry of plant cells [5].
The most important problem of in vitro cultures 
is to maintain the original genotype. One of the 
possible reasons for the differences between plant 
cells growing in vitro and in vivo is that in vitro 
cultivation may induce genetic diversification. Ge-
netic instability, known as somaclonal variation, is 
especially pronounced if an undifferentiated callus 
phase is used [6]. Several factors have been found 
to influence somaclonal variation including type 
and concentration of applied plant growth regula-
tors [7], degree of endopolyploidy of explants [8], 
duration of in vitro cultivation [9] and ploidy level, 
genotype and type of explant [10]. 
Ploidy level may also affect in vitro growth, de-
velopment and regeneration ability of plants, so 
the comparison of regeneration capacity of poly-
ploid tissues cultured in vitro with diploid tissues is 
especially of interest. So far, efficient regeneration 
systems among polyploids have been developed for 
Brassica napus [11], Solanum tuberosum L. [12] and 
Arabidopsis [9].
Cichorium intybus L., commonly known as chic-
ory, is a biennial plant from the Asteraceae family. 
The whole plant (root, leaf and seed) is used me-
dicinally. In vitro regeneration of C. intybus has been 
previously reported by several researchers through 
direct and indirect organogenesis or somatic em-
bryogenesis using different explant types and vari-
ous hormonal combinations [13–19].
In this paper, the correlation between the re-
generation capacity and ploidy level of explants 
was examined and the ploidy level of the obtained 
calluses and regenerated plants in relation to their 
parental plants was also discussed.
Materials and methods. Plant material. Dip-
loid seeds of C. intybus were provided from the 
Pakan Bazr Company located in Esfahan, Iran. 
Autotetraploid lines of C. intybus (2n = 4x = 36) 
were obtained by treatment of apical meristems of © E. GHOTBI RAVANDI, F. REZANEJAD, 
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diploids with aqueous solutions of 0.05, 0.1 and 
0.25 % (w/v) of colchicine at time intervals of 8 
hours for four times and mixoploid plants were 
attained by soaking chicory seeds in 0.0075 % col-
chicine solution for 72 hours, following a previously 
described procedure [20]. The ploidy level of plants 
was determined by flow cytometry analysis. 
Establishment of callus cultures. Young actively 
growing healthy leaves of diploid, autotetraploid 
and mixoploid plants of chicory were selected as the 
sources of explants. These plants were 4 month old 
at the time of experiment. The leaves were surface 
sterilized by rinsing with 70 % (v/v) ethanol for 1 min
followed by 5 % (v/v) sodium hypochlorite for 20 
min. Afterwards, they were rinsed four times with 
sterile distilled water. All the explants were cut in 
to 1–1.5 cm pieces. About 1200 explants from 3 
different diploid and tetraploid plants (200 explants 
from each plant) and 600 explants from 3 mixoploid 
plants with the almost similar ploidy levels (20–30 %
diploid, 70–80 % tetraploid cells), were cultured on 
MS medium, enriched with 3 % sucrose and 0.7 % 
agar («Merck», Germany), supplemented with 1.5 
mg l–1 1-naphthalene acetic acid (NAA, «Sigma-
Aldrich», USA) and 0.5 mg l–1 6-benzylaminopu-
rine (BAP, «Sigma-Aldrich», USA), at a growth 
chamber with 16/8 hours light/dark photoperiod 
and 25 ºC. The obtained calluses were subcultured 
at 2-week intervals for proliferation. After 5 weeks 
of culture, calluses were transferred to the shoot 
regeneration medium.
Shoot regeneration. The obtained calluses were 
cultured for shoot regeneration on MS medium 
supplemented with various concentrations and 
combinations of plant growth regulators including 
BAP, indole-3-acetic acid (IAA) and 2,4-dichloro-
phenoxy acetic acid (2,4-D) as followings: 1 mg l–1 
BAP + 0.25 mg l–1 and 2,4-D; 0.5 mg l–1 BAP + 
+ 0.25 mg l–1 and 2,4-D; 1 mg l–1 BAP + 0.25 mg l–1 
IAA; 0.5 mg l–1 BAP + 0.25 mg l–1 IAA; 0.1, 0.5, 
1 and 2 mg l–1 BAP.
Each treatment contained 50 explants in five 
replicates (10 explants per replicate). Explants were 
subcultured on to the similar fresh media every 
3 weeks for further shoot regeneration and elonga-
tion for 9 weeks.
Root induction. Well-developed shoots (2–3 cm 
long) with the average number of 3–4 leaves, were 
excised from the original explants and transferred to 
the rooting MS medium containing 1 mg l–1 NAA. 
Explants were subcultured on to similar fresh media 
every 4 weeks for root regeneration and elongation 
for 8 weeks. The complete in vitro cultures were 
incubated in a growth chamber at temperature of 
25 ± 2 ºC and a photoperiod of 16 h light/8 h 
darkness.
Flow cytometric analysis. In order to determine 
the ploidy level of the obtained calluses, their pa-
rental plants and the regenerated in vitro plants, 
flow cytometry analysis was conducted by a Partec 
PA flow cytometer. The samples were chopped us-
ing a sharp razor blade in 400 l nuclei extraction 
buffer (Kit A, suggested by Partec PA, Germany) 
for 30–60 seconds. After filtration through a 30 
m Cell-Trice disposable filter (Partec, Germany), 
1600 l of staining solution containing the dye 
4–6-diamino-2–4-phenylindole (DAPI, provided 
by Partec PA, Germany as Kit B) was added and a 
minimum of 5 000 nuclei were measured per sample 
and histograms of DNA content were generated 
using the Mode Fit software.
Results and Discussion. Callus induction. In 
the current experiment, the level of callogenesis 
of leaf explants were determined 5 weeks of cul-
ture and maintenance in similar conditions. Leaf 
explants responded very positively to the applied 
growth-regulator treatment, producing calluses after
2 weeks of culture on the callus initiation medi-
um, supplemented with 1.5 mg l–1 NAA and 0.5 
mg l–1 BAP. Callogenic response of diploid, tet-
raploid and mixoploid chicory plants were 98, 97 
and 98 % respectively. A similar result was ob-
tained by Velayutham et al. [19] who reported 
that the same treatment could induce a high cal-
lus induction frequency (96.7 %) in leaf explants 
of diploid C. intybus. Though the higher growth 
rate of diploid calluses was expected, there was no
Fig. 1. Diploid (a) and tetraploid (b) origin calluses, 
after four weeks of culture
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discrimination between the morphology and growth
rate of diploid and tetraploid origin calluses (Fig. 1).
Furthermore, the callogenic response of leaf ex-
plants in the callus induction medium did not de-
pend on the ploidy level of parental plants, as no 
visible difference was observed between the initia-
tion time of callusing and callogenic rate of diploid 
and tetraploid origin explants. 
Flow cytometry analysis. The flow cytometry 
analyses, conducted on the obtained calluses and 
their parental plants, produced histograms of DNA 
intensity, related to their expected ploidy level. In 
chicory, it seems that most cells of mature leaves 
were at G1 phase of the cell cycle as the G2 peak 
did not appear. The G1 peak of diploid plants was 
approximately at channel 20 (Fig. 2, a), whereas 
the G1 peak of tetraploids appeared at channel 40 
(Fig. 2, b). The obtained flow cytometric histograms 
indicated the presence of 4x cells in diploid origin 
calluses and 8x cells in tetraploid origin ones (Fig. 
3). The duplication of chromosome number in a 
portion of callus cells compared to their parental 
plants, can be due to the higher mitotic activity of 
undifferentiated cells of callus tissue which results 
in being a number of cells in G2 phase. Callus cul-
tures of Kallstroemia pubescense [21], Crepis capil-
laris [22] and Larix × eurolepis [23], maintained the 
ploidy levels of the mother-plant material. In con-
trast, in seven-day callus culture of diploid Cucumis 
melo L, diploid, tetraploid and a small number of 
haploid, triploid and hexaploid cells were observed 
[24]. Fras et al. [25] explained that all callus lines 
of Arabidopsis thaliana exhibited a high level of 
polyploidization during callogenesis irrespective of 
their diploid or tetraploid origin.
Surprisingly, a considerable difference was ob-
served between the ploidy level of mixoploid cal-
luses (80–90 % diploid, 10–20 % tetraploid cells) 
and their parental plants (20–30 % diploid, 70–
80 % tetraploid cells), demonstrating the gradual 
dominance of diploid cells to tetraploid ones in 
the callus tissues (Fig. 4). This can be explained by 
the fact that tetraploid cells require longer time to 
complete a cell cycle so the ratio of these two types 
of cells might not be stable and over time the 2x cells 
predominate [26]. According to Tai [27] polyploid 
species show higher chances of forming multiple 
spindles, so it is also possible that tetraploid callus 
cells undergo mitotic abnormalities including ami-
tosis or multiple spindles, as has been reported in 
autotetraploid Brachiaria ruziziensis meiosis [28], 
leading to their diploidization. 
Organogenic ability. Regenerated shoots were de-
veloped from diploid calluses with the differentiation 
rates of 54, 40 and 24 % after 4 weeks of culture on 
the regeneration medium containing 0.5 mg l–1 BAP 
+ 0.25 mg l–1 IAA, 0.5 mg l–1 BAP + 0.25 mg l–1 
and 2,4-D and 0.5 mg l–1 BAP, respectively (Fig. 5).
All the other calluses, transferred to other shoot 
regeneration media, failed in regeneration. Root 
initiation was observed after 4 weeks of culture but 
complete root development took 8 weeks. Abo-
ut 52.5 % rooting rate was recorded for the re-
generated shoots. According to the flow cytometry 
analysis the whole regenerated plants were diploid.
The tetraploid origin calluses turned brown and 
failed to regenerate in the applied organogenic me-
dia after a long time culture (up to 9 weeks). The 
Fig. 2. Flow cytometric histograms of a diploid (a) and 
tetraploid (b) chicory plants
Fig. 3. Flow cytometric histograms of a diploid (a) and 
tetraploid (b) origin calluses
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obtained result is in agreement with other reports 
indicating that polyploidization of cells had a strict 
relationship with decrease and loss of totipotency 
and in vitro organogenic potential. Kubalakova et 
al. [29] explained that polyploidization of callus 
cultures of Cucumis sativus L. resulted in gradual 
loss of regeneration ability as the regeneration rate 
of callus cultures was recorded 57, 18, 4 % for 
diploids, tetraploids and octoploids, respectively. 
Sun et al. [30] reported that polyploidy in Pyrus 
communis was accompanied by reduction of in vitro 
shoot and root organogenesis. 
Though it is unclear that what feature of au-
topolyploidy is responsible for this observation, 
several assumptions can be made. Tetraploidy is 
usually accompanied by doubling the genomic 
content and consequently the doubled cell volume 
but only a 1.6-fold increase in the nuclear enve-
lope surface. This modest difference can result in a 
possible change of stoichiometry of the interaction 
between components of chromatin and envelope-
bound proteins and consequently dosage imbalance 
[31]. Polyploidization can also result in compli-
cated rearrangements of chromosomes or changes 
in the structure of chromosomes, such as inversions 
and translocations [30]. These polyploidy-induced 
changes can be responsible for the changes in gene 
expression in polyploids. The effects of ploidy on 
gene regulation have been shown in several studies. 
The first such study measured the mRNA levels 
per genome for 18 genes in different ploidy levels 
of maize (1x, 2x, 3x and 4x). Expression of most 
genes increased with ploidy as expected, but a few 
genes were ploidy-repressed [31]. Therefore it can 
be assumed that an alteration in mechanisms which 
regulate the gene expression or biosynthesis of plant 
growth regulators is caused by tetraploidy in C. inty-
bus which may lead to the decreased or unbalanced 
levels of endogenous growth regulators, responsible 
for the loss of in vitro organogenic response of tetra-
ploid origin calluses.
According to our previous study [20], tetraploid 
chicory plants showed a 1.9-time increase in total 
phenolic content of leaves compared with their dip-
loid counterparts. It is possible that the increased 
content of total phenolic compounds in tetraploid 
origin calluses resulted in the loss of their orga-
nogenic potential. Phenolic compounds, especially 
oxidized phenolics, may contribute to the inhibition 
of enzymatic activities, resulting in the darkening of 
the culture medium and subsequent lethal browning 
of explants [32, 33]. It has been reported that oxi-
dized phenolics generally affect in vitro proliferation 
and regeneration negatively [34].
Regenerated shoots appeared from 16 % of mix-
oploid origin calluses, after 5 weeks of culture on 
the regenerating medium containing 0.5 mg l–1 BAP 
+ 0.25 mg l–1 and 2,4-D. The rooting rate was 
recorded 62.5 % for the regenerated shoots. Flow 
cytometry analysis indicated the diploid level of 
the whole regenerated plants. The results of flow 
cytometry analysis of mixoploid origin calluses and 
their regenerated plants, indicated the diploidiza-
tion of polyploid cells and the advantage of diploid 
cells in regeneration. Similar observation was re-
ported for hypocotyl callus cultures of a polyso-
matic plant, Beta vulgaris, where a large number 
Fig. 4. Flow cytometric histograms of a mixoploid plant 
(21 % diploid + 79 % tetraploid) (a) and its obtained 
callus (88 % diploid + 12 % tetraploid) (b)
Fig. 5. Regenerated shoots from a diploid callus after 7 
weeks of culture on the regeneration medium containing 
0.5 mg l–1 BAP + 0.25 mg l–1 IAA
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of diploid regenerants were obtained [35]. Several 
authors have reported that artificial tetraploids of 
Pisum sativum produced in vivo plants with the 
chromosome number reduced to the diploid level 
[36, 37]. Fras and Maluszynska [9] explained that 
most of the regenerants from all callus lines of tetra-
ploid A. thaliana were diploids. Due to the failure 
of polyploid cells of mixoploid and tetraploid origin 
callus cultures of C. intybus in regeneration, it can 
be hypothesized that the shoot regeneration ability 
may act as a screen against induced polyploid cells 
and consequently diploid cells participate preferen-
tially in plant regeneration.
Conclusion. The comparison of indirect or-
ganogenesis between diploid and tetraploid chicory 
plants indicated that while the callogenic response 
of leaf explants was not influenced by the ploidy 
level of their parental plants, the organogenic ability 
of the tetraploid origin calluses decreased compared 
to their diploid counterparts. The flow cytometry 
analysis showed the ploidy stability in diploid and 
tetraploid calluses but the number of diploid cells 
greatly increased in mixoploid calluses compared 
to their mixoploid parental plants. However, the 
molecular mechanism responsible for the loss of in 
vitro organogenesis in C. intybus is not clear and 
needs to be elucidated. 
E. Ghotbi Ravandi, F. Rezanejad, E. Dehghan
ÐÅÃÅÍÅÐÀÖÈÎÍÍÀß ÑÏÎÑÎÁÍÎÑÒÜ 
ÄÈÏËÎÈÄÍÛÕ È ÀÂÒÎÒÅÒÐÀÏËÎÈÄÍÛÕ 
ÐÀÑÒÅÍÈÉ CICHORIUM INTYBUS L. IN VITRO 
Ïîëèïëîèäèÿ ñûãðàëà çíà÷èòåëüíóþ ðîëü â ýâîëþ-
öèîííîé èñòîðèè ðàñòåíèé êàê öåííûé èíñòðóìåíò 
ïîëó÷åíèÿ ïîëåçíûõ ïðèçíàêîâ. Â íàñòîÿùåé ðàáî-
òå ïðèâåäåíî ñðàâíåíèå êóëüòóðàëüíîãî îòâåòà in vitro
ïîëèïëîèäîâ ñ äèïëîèäàìè. Ëèñòîâûå ýêñïëàíòû 
äèïëîèäíûõ, àâòîòåòðàïëîèäíûõ è ìèêñîïëîèäíûõ 
ðàñòåíèé Cichorium intybus L. êóëüòèâèðîâàëè íà îäíèõ
è òåõ æå ñðåäàõ â îäèíàêîâûõ óñëîâèÿõ. Óðîâåíü 
ïëîèäíîñòè èíäóöèðîâàííûõ êàëëóñîâ è ðåãåíåðàí-
òîâ îïðåäåëÿëè ñ ïîìîùüþ æèäêîñòíîé öèòîìåòðèè. 
Ñïîñîáíîñòü ëèñòîâûõ ýêñïëàíòîâ ê êàëëóñîîáðà-
çîâàíèþ íà ñðåäå äëÿ èíäóêöèè êàëëóñà íå çàâèñåëà 
îò óðîâíÿ ïëîèäíîñòè èñõîäíûõ ðàñòåíèé. Ïî äàí-
íûì æèäêîñòíîé öèòîìåòðèè â êàëëóñíûõ êóëüòóðàõ 
äèïëîèäíîãî è òåòðàïëîèäíîãî ïðîèñõîæäåíèÿ íà-
áëþäàëîñü óâåëè÷åíèå óðîâíåé ïëîèäíîñòè (4x è 8x
ñîîòâåòñòâåííî). Çíà÷èòåëüíûå îòëè÷èÿ â óðîâíÿõ 
ïëîèäíîñòè îáíàðóæåíû ó ìèêñîïëîèäíûõ ðàñòåíèé
è èõ êàëëóñîâ, ïðè ýòîì â êàëëóñíîé òêàíè äîìè-
íèðîâàëè äèïëîèäíûå êëåòêè. Ïîêàçàíî, ÷òî ïîëè-
ïëîèäèÿ ïðèâîäèëà ê ïîòåðå îðãàíîãåííîãî ïîòåí-
öèàëà, òàê êàê òåòðàïëîèäíûå êàëëóñû íå áûëè ñïî-
ñîáíû ê ðåãåíåðàöèè, à â êàëëóñàõ äèïëîèäíîãî ïðî-
èñõîæäåíèÿ óñïåøíî ïðîèñõîäèëà ðåãåíåðàöèÿ ðàñ-
òåíèé.
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